Abstract: Chordoid meningioma, World Health Organization grade II, is an uncommon variant of meningioma with a propensity for aggressive behavior and increased likelihood of recurrence. As such, recognition of this entity is important in cases that show similar morphologic overlap with other chondroid/myxoid neoplasms that can arise within or near the central nervous system. A formal comparison of the immunohistochemical features of chordoid meningioma versus tumors with significant histologic overlap has not been previously reported. In this study, immunohistochemical staining was performed with antibodies against D2-40, S100, pankeratin, epithelial membrane antigen (EMA), brachyury, and glial fibrillary acidic protein (GFAP) in 4 cases of chordoid glioma, 6 skeletal myxoid chondrosarcomas, 10 chordoid meningiomas, 16 extraskeletal myxoid chondrosarcoma, 18 chordomas, 22 low-grade chondrosarcomas, and 27 enchondromas. Staining extent and intensity were evaluated semiquantitatively and mean values for each parameter were calculated. Immunostaining with D2-40 showed positivity in 100% of skeletal myxoid chondrosarcomas, 96% of enchondromas, 95% of low-grade chondrosarcomas, 80% of chordoid meningiomas, and 75% of chordoid gliomas. Staining with S100 demonstrated diffuse, strong positivity in all (100%) chordoid gliomas, skeletal myxoid chondrosarcomas, low-grade chondrosarcomas, and enchondromas, 94% of chordomas, and 81% of extraskeletal myxoid chondrosarcomas, with focal, moderate staining in 40% of chordoid meningiomas. Pankeratin highlighted 100% of chordoid gliomas and chordomas, 38% of extraskeletal myxoid chondrosarcomas, and 20% of chordoid meningiomas. EMA staining was positive in 100% of chordoid gliomas, 94% of chordomas, 90% of chordoid meningiomas, and 25% of extraskeletal myxoid chondrosarcomas. Brachyury was positive only in the chordomas (100%), whereas GFAP was positive only in the chordoid gliomas (100%). EMA was the most effective antibody for differentiating chordoid meningioma from skeletal myxoid chondrosarcoma, low-grade chondrosarcoma, and enchondroma, whereas D2-40 was the most effective antibody for differentiating chordoid meningioma from extraskeletal myxoid chondrosarcoma and chordoma. Our findings demonstrate that in conjunction with clinical and radiographic findings, immunohistochemical evaluation with a panel of D2-40, EMA, brachyury, and GFAP is most useful in distinguishing chordoid meningioma from chordoid glioma, skeletal myxoid chondrosarcoma, extraskeletal myxoid chondrosarcoma, chordoma, low-grade chondrosarcoma, and enchondroma. A lack of strong, diffuse S100 reactivity may also be useful in excluding chordoid meningioma. Among the neoplasms evaluated, brachyury and GFAP proved to be both sensitive and specific markers for chordoma and chordoid glioma, respectively. Of note, this study is the first to characterize the D2-40 immunoprofile in extraskeletal myxoid chondrosarcoma, results that could be of utility in differential diagnostic assessment.
B
y World Health Organization criteria, 46 histologic features of a meningioma that warrant grade II designation include chordoid, clear cell, or atypical histology, the latter depicted as having Z4 mitotic figures per 10 high power fields, brain invasion, or 3 of the following features: sheetlike pattern of growth, increased cellularity, small cell morphology, spontaneous necrosis, and prominent nucleoli. Of these 3 categories of grade II meningiomas, the chordoid variant is notable for its rarity, high rate of recurrence, and its historical association with systemic diseases. 17, 24, 38, 46 First alluded to in the late 1970 as ''myxoid'' and ''vacuolated'' variants of meningioma, 20, 23 the term ''chordoid meningioma'' was first coined by Kepes et al in 1988 38 in a series of young patients with hematologic conditions including Castleman disease. A larger, more recent series failed to identify an association of chordoid meningioma with systemic manifestations; however, the aggressive nature of this neoplasm was confirmed, with 42% of cases (n = 14) showing 1 or more recurrences, ranging from 1.8 years to as long as 16 years postoperatively. 17 As such, recognition of this uncommon meningioma variant is paramount.
In the differential diagnosis of a chondroid tumor within or near the central nervous system (CNS), correct identification of the vacuolated trabeculae of neoplastic cells in a myxoid background characteristic of chordoid meningioma is straightforward when accompanied by coexisting areas of typical meningioma. When the chordoid areas predominate or are primarily sampled or when tumors exhibit chondroid metaplasia, 49 accurate morphologic diagnosis can be problematic as the differential diagnosis broadens to include chordoma, extraskeletal and skeletal myxoid chondrosarcoma, low-grade chondrosarcoma, enchondroma, chordoid glioma, myxopapillary ependymoma, and metastasis (Figs. [1] [2] [3] .
Although several studies have evaluated the use of immunostains in differentiating chondroid tumors within or near the CNS, no previous studies included chordoid meningioma in their immunologic assessment. 1, 3, 16, 27, 28, 35, 50, [55] [56] [57] [58] 67 Moreover, of the case reports and case series that have reported immunostaining results for chordoid meningioma, only 1 report to our knowledge has compared the immunoprofile of chordoid meningioma (2 cases, 1 antibody) with neoplasms of similar morphology. 35 The aim of this study was to compare the immunoprofile of a series of chordoid meningiomas versus neoplasms with significant morphologic overlap, using a panel of both novel and traditional antibodies to gauge their potential diagnostic use in the assessment of a chondroid/myxoid tumor arising within or near the CNS.
MATERIALS AND METHODS
Four cases of chordoid glioma, 6 skeletal myxoid chondrosarcomas, 10 chordoid meningiomas, 16 extraskeletal myxoid chondrosarcomas, 18 chordomas, 22 lowgrade chondrosarcomas, and 27 enchondromas were retrieved from the pathology archives of Stanford University Medical Center and Emory University Medical Center. Each case was reviewed by 2 of the authors (A.R.S. and M.S.D.), and diagnoses for all cases were confirmed by routine hematoxylin and eosin staining. Cases with ambiguous radiologic findings precluding a definitive histologic diagnosis were excluded. Immunohistochemical staining using antibodies against D2-40, S100, pankeratin, epithelial membrane antigen (EMA), brachyury, and glial fibrillary acidic protein (GFAP) was performed on 1 representative section per case on 4-mm thick formalin-fixed, paraffin-embedded sections mounted on charged slides and baked at 601C for 1 hour. The primary antibodies used in the study are listed in Table 1 . All cases were stained in parallel with appropriate positive and negative controls. Staining extent was semiquantitatively scored as negative (0, <5% cells stained), focally positive (1+, 5% to 10% cells stained), positive (2+, 10% to 50% cells stained), or diffusely positive (3+, >50% cells stained), and a mean extent (range: 0 to 3) calculated. Staining intensity was semiquantitatively scored from 0 to 3+ and a mean intensity (range: 0 to 3) calculated.
Sensitivity, specificity, and overall accuracy of each immunohistochemical stain positive for chordoid meningioma compared with chordoma, extraskeletal and skeletal myxoid chondrosarcoma, low-grade chondrosarcoma, enchondroma, and chordoid glioma were calculated as described elsewhere. 
RESULTS

Clinical Features
The 10 cases of chordoid meningioma demonstrated an equal sex distribution and showed an age range of 7 to 78 years (mean: 43.5 y). The frontal region was the most frequent site of involvement (n = 4), followed by the frontotemporal region (n = 1), temporal region (n = 1), parietal region (n = 1), occipital region (n = 1), suprasellar region (n = 1), and lateral ventricle (n = 1). One patient had a history of microcytic anemia, with none having any history of Castleman disease or other hematologic abnormalities. Comparative clinicopathologic features for chordoid glioma, skeletal myxoid chondrosarcoma, chordoid meningioma, extraskeletal myxoid chondrosarcoma, chordoma, low-grade chondrosarcoma, and enchondroma are listed in Table 2 .
Morphologic Features
Review of the 10 chordoid meningioma cases confirmed World Health Organization grade II histology without any anaplastic grade III features (malignant cytology, Z20 mitotic figures per 10 high power fields, and papillary or rhabdoid morphology). 46 Brain invasion was not identified in any cases. A chordoid component was seen in all cases, ranging from 25% to >95%, with 6 cases (60%) demonstrating at least 50% chordoid morphology and 2 (20%) showing near complete (>95%) chordoid morphology (Figs. 1, 2). Lymphoplasmacytic inflammation was present in 7 (70%) of cases, ranging from mild in 2 cases (20%) to minimal in 5 cases (50%). Inflammation was absent in 3 cases (30%).
Immunohistochemical Results
Immunohistochemical staining results for chordoid glioma, skeletal myxoid chondrosarcoma, chordoid meningioma, extraskeletal myxoid chondrosarcoma, chordoma, low-grade chondrosarcoma, and enchondroma using antibodies D2-40, S100, pankeratin, EMA, brachyury, and GFAP are listed in Table 3 .
Eight (80%) of 10 chordoid meningiomas stained positive with D2-40 antibody with ample extent and intensity in a membranous to cytoplasmic pattern (Fig.  4A) . Although 6 of 6 (100%) skeletal myxoid chondrosarcomas, 26 of 27 (96%) enchondromas, 21 of 22 (95%) low-grade chondrosarcomas, and 3 of 4 (75%) chordoid gliomas demonstrated strong membranous to cytoplasmic D2-40 positivity, all 16 extraskeletal myxoid chondrosarcomas and 18 chordomas were completely negative (Fig. 5 ). Positive internal control was identified in nonneoplastic bone and cartilage fragments among several of the negatively stained cases.
Weak extent with average intensity of cytoplasmic S100 staining was identified in 4 of 10 (40%) chordoid meningiomas (Fig. 4B) . Strong staining for S100 was seen in 13 of 16 (81%) extraskeletal myxoid chondrosarcomas, 17 of 18 (94%) chordomas, and among all 4 chordoid gliomas, 6 skeletal myxoid chondrosarcomas, 22 lowgrade chondrosarcomas, and 27 enchondromas (Fig. 5) . S100 staining in chordoma, skeletal myxoid chondrosarcoma, low-grade chondrosarcoma, and enchondroma was both nuclear and cytoplasmic, whereas in chordoid glioma and extraskeletal myxoid chondrosarcoma staining was predominantly cytoplasmic (1 case of each tumor type showed both nuclear and cytoplasmic staining). Similar to D2-40 staining, positive internal control S100 staining was noted in non-neoplastic fragments of osteocytes and chondrocytes.
Weak, patchy pankeratin cytoplasmic staining was identified in 2 of 10 (20%) chordoid meningiomas ( Fig. 4C) and 6 of 16 (38%) extraskeletal myxoid chondrosarcomas (Fig. 5C ). On the contrary, all 18 chordomas demonstrated maximum (3+) extent and intensity with pankeratin staining; all 4 chordoid gliomas also showed pankeratin reactivity with equal extent but with moderate intensity. All cartilaginous tumors (6 skeletal myxoid chondrosarcomas, 22 low-grade chondrosarcomas, and 27 enchondromas) showed no pankeratin immunoreactivity ( Fig. 5) .
EMA showed cytoplasmic staining in 9 of 10 (90%) cases of chordoid meningioma ( Sensitivity, specificity, and overall accuracy for immunomarkers positive for chordoid meningioma compared with chordoma, extraskeletal and skeletal myxoid chondrosarcoma, low-grade chondrosarcoma, enchondroma, and chordoid glioma are listed in Table 4 .
Meta-analysis of Immunohistochemical Results in Chordoid Meningioma From the Published Literature
Meta-analysis results of previously reported immunohistochemical findings in chordoid meningioma 6, 17, 21, 22, 24, 30, 35, 36, 38, 40, 42, 43, 45, [47] [48] [49] [51] [52] [53] [54] 61, 62, 70, 75, 77, 80, 82, 86 (published in English language) are shown in Figure 7 . Additional immunohistochemical staining results in chordoid meningioma reported in the literature (which were not included in Fig. 7 owing to small sample size) include 4 of 5 cases positive for CD57, 3 of 3 cases positive for progesterone receptor, and 2 of 2 cases positive for D2-40. 35, 38, 45, 52, 61 Reported cases of chordoid meningioma have shown no immunohistochemical staining for the following antibodies: carcinoembryonic antigen (n = 4), CD34 (n = 4), desmin (n = 4), smooth muscle actin (n = 3), synaptophysin (n = 3), chromogranin (n = 2), CD56 (n = 1), CD99 (n = 1), calponin (n = 1), 34bE12 (n = 1), keratin 14 (n = 1), keratin 19 (n = 1), factor VIII (n = 1), neurofilament (n = 1), p63 (n = 1), and muscle specific actin (n = 1). 
DISCUSSION
Although the use of immunohistochemistry in tumor diagnosis is longstanding, few previous studies have been performed to compare the immunoprofile of meningioma with extra-CNS neoplasms. 12 Despite several advancements in identification of meningioma staining patterns in the past 30 years, inconsistent case report findings have made it difficult to determine the characteristic immunoprofile of meningioma. Although immunohistochemical staining is frequently a function of tumor differentiation (explaining why a poorly or dedifferentiated neoplasm may exhibit an aberrant or heterogeneous staining pattern), reports of tumor immunoprofiles frequently fail to describe staining degree and/or distribution. Omission of this important information is especially problematic when reporting a ''unique'' immunoprofile, particularly for pathologists seeking assistance in diagnosis of rare entities. For example, in review of the published immunohistochemical findings of chordoid meningiomas with S100, an antibody whose expression in meningiomas is typically not prominent, 46 there is a reported overall positivity rate of 20% (Fig. 7) . Of the 5 cases reporting positive S100 staining in chordoid meningioma, only 3 (60%) offer information regarding the distribution of staining (focal), with none describing degree of staining. 17, 38, 48, 53 In the absence of a more detailed depiction of S100 staining pattern in chordoid meningioma, a diagnostician seeking ancillary assistance in immunohistochemistry is left with incomplete and potentially misleading data. In this study, we characterized the immunoprofile of a series of chordoid meningiomas by incorporating semiquantitative analysis of staining intensity and extent while using appropriate statistical tools to determine immunomarker diagnostic utility. We then compared findings with neoplasms exhibiting significant morphologic overlap with chordoid meningioma capable of arising within or near the CNS. Although the differential diagnosis of such chondroid/myxoid neoplasms includes chordoma, extraskeletal myxoid chondrosarcoma, skeletal myxoid chondrosarcoma, low-grade chondrosarcoma, enchondroma, chordoid glioma, myxopapillary ependymoma, and metastasis, we focused our investigation on the first 6 tumors.
Of the neoplasms evaluated in the differential diagnosis of a chordoid tumor, chordoma is potentially the most challenging, not only because of its strikingly similar morphology (Figs. 1-3 ) but also because of its propensity for midline (CNS/peri-CNS) site of origin. 32 The cords and trabeculae of tumor cells with frequent intracytoplasmic vacuoles mimicking the physaliferous cells of chordoma (warranting incorporation of ''chordoid'' in its name) was identified in all 7 chordoid meningiomas from the original description by Kepes et al in 1988, 38 noting that at least one of the cases was originally misdiagnosed as chordoma. Historically exemplified as one of the unique ''triple positive'' S100/ keratin/EMA staining neoplasms in bone and soft tissue pathology, 1, 16, 55 the current study demonstrates identical findings ( Table 3 ). As such, strong EMA positivity in chordoid meningioma is not helpful in differentiating from chordoma. Similarly, because of a moderate number of chordoid meningiomas with weak, inconsistent S100 staining and a few cases with modest extent of pankeratin staining, these 2 antibodies are not helpful in definitive chordoma distinction.
One of the more recently developed markers, D2-40, is a monoclonal antibody recognizing podoplanin, a 38 kd mucin-type transmembrane glycoprotein, and has been used in the clinical setting as a selective marker of lymphatic endothelium 25, 74 and in the identification of various normal and neoplastic tissues, 60 including within the CNS. 35, 71, 76 Only 2 reports of D2-40 immunostaining in meningiomas have been published to our knowledge, 1 demonstrating expression in all cases of unspecified type (n = 100) 76 and 1 showing 100% immunoreactivity in the chordoid variant of meningioma (n = 2). 35 Consistent with the findings from the latter report, our series of 10 chordoid meningiomas formally illustrates the utility of positive D2-40 staining in discriminating from chordoma (Table 3) .
Brachyury is another novel antibody useful in the distinction of chordoid meningioma from chordoma. This marker, a critical regulator of notochordal development, has recently been shown to be a sensitive and fairly specific antibody for chordoma, 33, 81, 83 with expression also identified in CNS hemangioblastomas and testicular germ cell tumors. 81 A lack of nuclear brachyury immunoreactivity among all 10 chordoid meningiomas (Fig. 4E) , results that to our knowledge have not been previously reported, in conjunction with diffuse, strong nuclear staining with all 18 chordomas reiterates brachyury's high specificity among tumors evaluated in this study and supports its efficacy in differentiating chordoid meningioma from chordoma.
Although classically considered a soft tissue neoplasm, extraskeletal myxoid chondrosarcoma can infrequently present in CNS/peri-CNS locations 2, 13, 14, 18, 29, 37, 44, 72, 73, 85 that, in conjunction with its morphologic appearance of lobulated to nested tumor cells with occasional vacuolization embedded in a fibrillar to myxoid matrix, can mimic chordoid meningioma (Figs. 1-3 ). Of the 7 largest published series to date exploring the immunoprofile of extraskeletal myxoid chondrosarcoma (minimum 8 cases) with pankeratin, EMA, or S100 antibodies, 3, 27, 28, 50, 55, 57, 58 pankeratin staining ranged from 0% to 12% (mean 3%, n = 92), EMA staining ranged from 0% to 25% (mean 10%, n = 97), and S100 staining ranged from 13% to 100% (mean 48%, n = 146). In review of these metaanalysis results compared with the findings from our study (Table 3) , several relevant points emerge. First, the wide range of reported S100 staining results in extraskeletal myxoid chondrosarcoma draws a parallel with its controversial history, 3, 5, 27, 28, 34, 50, 56 originally classified as chondroblastic/chondrocytic in nature with more recent studies suggesting otherwise. Likewise, positive D2-40 internal control staining of chondrocytes in extraskeletal myxoid chondrosarcoma without staining in tumor cells may support this contention. Second, although this study demonstrates a somewhat higher rate of positivity with S100, pankeratin, and EMA antibodies compared with historical (mean) results, the applicable deductions are that pankeratin is unlikely to be helpful in distinguishing from chordoid meningioma; a lack of strong, diffuse S100 reactivity may be useful in excluding chordoid meningioma; and that diffuse, strong EMA staining could suggest a diagnosis of chordoid meningioma over extraskeletal myxoid chondrosarcoma (Table 3) in the appropriate clinical and radiologic context. Finally, a lack of immunoreactivity with D2-40 antibody in extraskeletal myxoid chondrosarcoma, results not previously identified, in conjunction with positive staining in chordoid meningioma can be extremely useful in arriving at a correct diagnosis.
The prototypic situation where immunohistochemistry is indispensable occurs in the assessment of a midline (peri-CNS) neoplasm with a nested pattern and vesicular FIGURE 6 . A, Strong, diffuse nuclear staining for brachyury was specific for chordoma among the neoplasms evaluated in this study and therefore useful in excluding chordoid meningioma. Likewise, (B) strong, diffuse cytoplasmic reactivity with GFAP was specific for chordoid glioma and not identified in chordoma, extraskeletal and skeletal myxoid chondrosarcoma, low-grade chondrosarcoma, or enchondroma. GFAP indicates glial fibrillary acidic protein.
FIGURE 7.
Meta-analysis results of previously reported immunohistochemical findings in chordoid meningioma 6, 17, 21, 22, 24, 30, 35, 36, 38, 40, 42, 43, 45, [47] [48] [49] [51] [52] [53] [54] 61, 62, 70, 75, 77, 80, 82, 86 (published in English language). nuclei arising in a myxoid background. The implementation of a panel including S100, pankeratin, and EMA in this scenario is often the only means to separate chordoma (positive for all 3 markers) from chondrosarcoma (positive only for S100 antibody), 1, 16, 55, 68 a wellcharacterized problematic CNS distinction particularly in the skull base. 41, 68 When the background stroma of neoplasms with this morphology arising in a peri-CNS/ CNS anatomic site is more myxoid than chondroid, significant overlap between low-grade chondrosarcoma and skeletal myxoid chondrosarcoma with chordoid meningioma can occur (Figs. 1-3) . Moreover, cartilaginous metaplasia in chordoid meningioma legitimizes the potential for morphologic overlap. 49 Likewise, as lowgrade chondrosarcoma and enchondroma are often histologically indistinguishable requiring skilled radiologic appraisal for accurate diagnosis, 84 enchondroma warrants inclusion in a chordoid meningioma differential diagnosis. In review of immunohistochemical staining results from this study, reactivity with EMA is superior to pankeratin in establishing a diagnosis of chordoid meningioma versus low-grade chondrosarcoma/enchondroma or skeletal myxoid chondrosarcoma, with S100 antibody proving the least effective (Tables 3, 4) . As expected, low-grade chondrosarcoma and enchondroma demonstrated an identical immunoprofile, consistent with the only published report solely investigating D2-40 antibody in these neoplasms, 35 with skeletal myxoid chondrosarcoma also demonstrating equal D2-40 reactivity, results that have not been previously recognized. Importantly, although D2-40 provides no substantial assistance in the differentiation between low-grade chondrosarcoma/enchondroma or skeletal myxoid chondrosarcoma and chordoid meningioma compared with EMA antibody (and potentially pankeratin), it is to our knowledge the only reliable antibody positive in lowgrade chondrosarcoma/enchondroma and skeletal myxoid chondrosarcoma and negative in both chordoma and extraskeletal myxoid chondrosarcoma, an immunoprofile not previously reported.
Although chordoid glioma can feature a prominent lymphoplasmacytic infiltrate in combination with a chondroid/myxoid appearance making chordoid meningioma a diagnostic consideration (Fig. 3D) particularly on a diminutive biopsy sample and given reports of chondroid metaplasia in chordoid glioma, 11 radiographic findings in combination with characteristic strong GFAP staining 8, 17, 46, 63 typically make confusion with chordoid meningioma (normally GFAP negative) unlikely. Diffuse, strong GFAP reactivity in all 4 chordoid gliomas ( Fig. 6B) with negative staining in all 10 chordoid meningiomas (Fig. 4F) reiterates its diagnostic utility in this setting. Of note, this study also reaffirms the reported S100+/pankeratin+/EMA+ chordoid glioma immunoprofile from the largest series to date. 63 Additionally, the 3 of 4 (75%) cases of chordoid glioma with D2-40 reactivity expands on the only previously reported finding (100%, n = 1). 76 Additional ancillary methods of differentiating chordoid meningioma from its morphologic mimics include ultrastructural evaluation for characteristic meningioma features, including intermediate filaments, interdigitating cellular processes, and desmosomal intercellular junctions. 22, 46 Although secretory activity may be identified by electron microscopy in chordoid-predominant areas of chordoid meningioma, 22 careful ultrastructural exploration for areas of typical meningioma may be necessary. In addition, a unique unbalanced translocation involving chromosomes 1 and 3 identified in 3 cases of chordoid meningioma not observed in other meningioma subtypes 78 suggests that cytogenetic studies and potentially fluorescence in-situ hybridization methodologies could be of diagnostic utility, although further investigation in this area is needed.
Although excluded from our evaluation, myxopapillary ependymoma and metastasis may be considered in the differential diagnosis of a chondroid tumor within or near the CNS. Metastasis can focally mimic chordoid meningioma, particularly when arising from a gastrointestinal (signet ring or mucinous) adenocarcinoma or renal cell carcinoma. In this scenario, clinical and radiographic correlation in conjunction with foci exhibiting typical meningioma morphology is often sufficient for discrimination. Moreover, conventional immunohistochemical panels for primary tumor origin are often useful and adequate. Although a plausible inclusion in the differential diagnosis of chordoid meningioma, myxopapillary ependymoma separates itself from the differential by its typical conus/filum terminale location, encapsulated gross morphology, and papillary arrangement around vascularized stromal cores. 46, 65 Additionally, strong GFAP staining 15 further distinguishes myxopapillary ependymoma from chordoid meningioma (Figs. 6B, 7) .
Although vimentin antibody has historically been used as a marker for most meningiomas, 46 including the chordoid variant (Fig. 7) , we excluded it in our immunohistochemical assessment because of well-known overlap in staining with poor specificity for mesenchymal neoplasms, including those from this study. 19 Similarly, although progesterone receptor immunoexpression is well characterized in meningothelial meningioma, 46, 59 expression in meningioma variants varies from 0% up to 100% in large series, 7, 10, 31, 39, 59, 64, 66, 69, 87 including reports of chordoid meningioma. 45, 61 Although progesterone receptor expression is not well characterized in enchondromas or chondrosarcomas, expression in chordomas and chordoid gliomas have shown unreliable, mixed results with uncertain diagnostic significance. 9, 26, 79 As such, this marker was also excluded from our study.
In summary, when encountering a chordoid neoplasm within or near the CNS with cytoplasmic vacuolization and a fibrillar to myxoid background that is suggestive of chordoid meningioma, immunohistochemistry in conjunction with clinical and radiologic findings can be useful in distinguishing chordoid meningioma from morphologic mimics (Table 5) . Immunoreactivity with D2-40 antibody in chordoid meningioma is useful in differentiation from both extraskeletal myxoid chondrosarcoma and chordoma. Nuclear reactivity with brachyury is also valuable in distinguishing chordoma from chordoid meningioma. Additionally, EMA positivity is superior to pankeratin in discriminating chordoid meningioma from skeletal myxoid chondrosarcoma and low-grade chondrosarcoma/enchondroma. A lack of strong, diffuse S100 reactivity may be useful in excluding chordoid meningioma from neoplasms with morphologic overlap. Although not usually considered in the typical differential diagnosis of chordoid meningioma, chordoid glioma and myxopapillary ependymoma can be dependably evaluated using GFAP antibody. Although chordoid meningioma exhibits a propensity for aggressive behavior and increased recurrence compared with typical meningiomas, it may portend an entirely different prognosis (and subsequent alternative treatment) when compared with other tumors with morphologic overlap, making accurate diagnosis imperative. wDiffuse, strong S100 staining. zCan also be immunohistochemically differentiated using keratin 5/6 (CK5/6) and keratin 19 (CK19). 46 yBecause histology can be identical, radiologic assessment is often the only means of differentiation. 67 CNS indicates central nervous system; EMA, epithelial membrane antigen; GFAP, glial fibrillary acidic protein.
